Repetitive noxious stimulation leads to permanent adaptive changes of central pathways involved in the genesis and integration of nociception. Several classes of neurotrophic factors that affect brain plasticity are also involved in the regulation of sensory functions in adulthood. To investigate a putative role of nerve growth factor (NGF) in central plasticity linked to chronic pain, modifications in immunoreactivity (IR) for the high-affinity NGF receptor, TrkA, were studied at spinal levels in a rat model of inflammatory chronic pain, adjuvant-induced arthritis (AIA). We report a specific increase in the number of TrkA-IR profiles in laminae V-VI at lumbar levels L3 and L4 in arthritic rats. Tract tracing using FluoroGold injections in the ventrobasal complex of the thalamus and in the brainstem showed that these increased TrkA-IR profiles are spinoreticular neurons. Dual labeling with calcitonin gene-related peptide or substance P showed that TrkA-IR neurons were mainly located in projection fields of small-to medium-sized primary afferent fibers, which convey nociceptive inputs. These results suggest that TrkA-containing neurons of the spinal dorsal horn participate in the first central relay of transmission of nociceptive information to supraspinal centers. Enhanced numbers of TrkA-IR neurons during AIA strongly support the hypothesis of a participation of NGF in adaptive mechanisms of central nociceptive pathways observed in chronic pain states.
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Central neuronal plasticity has been proposed as a structural and molecular correlate of chronic pain (Coderre et al., 1993) . The spinal dorsal horn (DH) is the first relay of central nociceptive pathways. Nociceptive primary afferent fibers project onto both specific and nonspecific nociceptive neurons that convey information to supraspinal centers mainly located in the thalamus and brainstem (Jessel and Kelly, 1991) . In several models of chronic pain, including arthritis, deep layers of the dorsal horn have been shown to be the site of a number of long-lasting molecular and electrophysiological changes, which affect both presynaptic and postsynaptic components of pain pathways (Coderre et al., 1993; Konttinen et al., 1994) . Presynaptic afferents to the DH display increased electrophysiological activity (Guilbaud et al., 1985) and increased synthesis and release of substance P (SP), calcitonin gene-related peptide (CGRP), and glutamate (Oku et al., 1987; Kuraishi et al., 1989; Kar et al., 1991; C alza et al., 1997) . These events are likely to trigger a progressive sensitization of NMDA receptors (Haley et al., 1990; Dougherty and Willis, 1992; Ren et al., 1992) . As a result, postsynaptic neurons display both electrophysiological changes, which lead to dramatically increased activity (Menétrey and Besson, 1982; C alvino et al., 1987b) , and long-lasting molecular modifications, which are illustrated by sustained expression of the proto-oncogene c-fos (Abbadie and Besson, 1992) . These results support the existence of long-term functional adaptive changes in the first central relay of nociception during chronic pain states.
Neurotrophins, which include molecules of the nerve growth factor (NGF) family, promote the survival of sensory neurons during development and have various pharmacological effects on these neurons in adulthood (Mendell, 1996) . In particular, NGF plays a crucial role in nociception . When injected in the periphery, NGF has potent algogenic properties in animals and man (Petty et al., 1994) . Although the early component of NGF-induced hyperalgesia depends on peripheral events that lead to sensitization of nociceptors , the later phase of NGF effects likely involves central NMDA receptors (Lewin et al., 1994) , in correlation with electrophysiological observations described above.
Considering that neurotrophins are major determinants of plasticity linked to increased neuronal activity in the mature CNS (Gall, 1993; Thoenen, 1995) , we hypothesized an involvement of NGF in chronic pain-related central plasticity. The present study aimed at investigating changes of immunoreactivity (IR) for TrkA, the high-affinity receptor of NGF, in the spinal cord of arthritic rats. Adjuvant-induced arthritis (AIA) in rats is characterized by a strong disseminated inflammation, associated with ankle hyperalgesia, and a chronic pain state (De Castro Costa et al., 1981; Calvino et al., 1987a; Colpaert, 1987) . Our results show an increased number of TrkA-IR profiles at the peak of AIA, specifically in laminae V-VI of the lumbar dorsal horn.
MATERIALS AND METHODS Animals
E xperiments were performed in 43 male Sprague Dawley rats (Charles River, Saint-Aubin les Elbeuf, France), weighing 250 -300 gm at the beginning of the experiment. In this rat strain, AIA is a systemic autoimmune disease induced by complete Freund's adjuvant (CFA) injections in both hindpaws of 50 l of CFA [6 mg of Mycobacterium but yricum (Difco Laboratory, Detroit, M I), suspended into 1 ml of an emulsion of liquid paraffin /0.9% NaCl/Tween 80, 6:4:1 respectively, as described previously (C alvino et al., 1991) ]. For injections, animals were briefly anesthetized with 4% halothane in nitrous oxide/oxygen mixture (2:1 v/ v). Control animals received 50 l of either incomplete Freund's adjuvant (I FA) or saline.
All experiments were performed in accordance with the European Communities Council Directive of November 24, 1986 (86/609/ EEC). Guidelines on ethical standards for investigations of experimental pain in animals were followed (Committee for Research and Ethical Issues of the IASP, 1980) . Accordingly, the number of arthritic animals was kept to a minimum. Rats were housed three to a large cage to minimize the possibility of painf ul interactions. They were kept at a constant room temperature of 22°C, with a 12 hr alternating light /dark cycle. Food and water were available ad libitum. Food was directly available on the sawdust in the cages to minimize potentially painf ul movements.
Quantifications of TrkA-IR neurons on longitudinal sections were performed in five arthritic rats and six control animals (I FA, n ϭ 3; saline, n ϭ 3).
Double-labelings of TrkA-IR-CGRP-IR and TrkA-IR-substance P-IR were analyzed in coronal sections in 18 arthritic rats and 14 control animals (I FA, n ϭ 3; saline, n ϭ 11). Among these animals, three arthritic and four saline-injected rats received stereotaxic injections of FluoroGold (FG) (Fluorochrome Inc., Englewood, NJ) into the right thalamus, and four arthritic and four saline-injected rats received stereotaxic injections of FG into the brainstem. All stereotaxic injections were performed 1 week before induction of arthritis. Analysis of the laminar distribution of TrkA-IR neurons in the spinal cord was performed on coronal sections of four arthritic and three saline-injected animals.
Animals were killed 4 weeks after induction of arthritis, i.e., during the acute phase of AIA.
Clinical and behavioral studies
To assess the evolution of the disease, several parameters were considered on the day the animals were killed: (1) the weight gain, measured as the difference between weights at perf usion and injection days; (2) the diameters of the ankles; and (3) a mobility score with a 5 levels scale: 4, the rat walks and runs normally; 3, the rat runs with difficulty, but walks normally; 2, the rat walks with difficulty; 1, the rat crawls; 0, the rat lies down only (Butler et al., 1985) .
A pain-related test was conducted before the animals were killed. The "foot-bend" procedure evaluates the ankle hyperalgesic state (Kuzuna and Kawai, 1975; Winter et al., 1979) . It involves holding the rat comfortably and gently extending the left hindpaw. The test was repeated five times at 5 sec intervals; a rating of 1 or 0 was given if the animal emitted a squeak (1) or not (0). For each animal, the rating ranged from 0 to 5. Then, the left hindpaw was gently flexed five times at 5 sec interval, with identical rating.
Stereota xic injections
Seven rats received stereotaxic injections of 2% FG into the right ventrobasal complex of the thalamus, using a 1 l Hamilton microsyringe. A total of nine sites were injected (100 nl /site) at three coronal planes: anteroposterior (AP), ϩ5.2, ϩ5.8, and ϩ6.7; height (H), ϩ4.0; and lateral (L), 1, 2, and 3 mm for each plane (Paxinos and Watson, 1986) .
Eight rats received one stereotaxic injection of 100 nl of 2% FG into the brainstem with the following coordinates: AP, Ϫ4.5; L, 1.9; and H, 0.
Immunohistochemistr y
Animals were deeply anesthetized with sodium pentobarbitone (50 mg / kg, i.p.) and were perf used intracardially with 100 ml of 0.1 M Tris buffer, pH 7.4, containing 0.9% NaC l, followed by 500 ml of 4% paraformaldehyde and 15% of a saturated solution of picric acid, in 0.1 M phosphate buffer (PB), pH 7.4. The lumbar spinal cord was removed on ice, post-fixed in the same fixative for 12 hr, and cryoprotected in 30% sucrose in PB. L umbar frontal sections of 30 m were cut with a cryostat and were serially collected in PB containing 0.9% NaC l (PBS), to be processed for immunohistochemistry.
For peroxidase immunohistochemistry, tissue sections were incubated with primary antibodies in PBS containing 0.3% Triton X-100 (PBST) for 48 hr at ϩ4°C. Primary antibodies included rabbit anti-TrkA ectodomain (C lary et al., 1994; 1:4000), rabbit anti-CGRP (1:15000; Peninsula Laboratories, Belmont, CA), and rabbit anti-substance P (1:4000; Peninsula Laboratories). After three washes in PBST, the sections were incubated for 1 hr in 1:400 Elite streptavidin -biotin -peroxidase complex (Vector Laboratories, Burlingame, CA). Sections were washed three times in PBS, and peroxidase activity was revealed by 3,3Ј-diaminobenzidine (DAB) (Vector Laboratories). For double CGRPTrkA and SP-TrkA immunohistochemistry, tissue sections were incubated in 0.1 M glycine, pH 3.34, for 10 min to detach residual IgG (Nakane, 1968) and were thoroughly washed in PBST between the two immunohistochemical procedures. CGRP and substance P immunohistochemistry were performed according to the protocol described above, but peroxidase activity was revealed by the "SG" compound of Vector Laboratories. Tissue sections were then washed in PBS and mounted on gelatin-coated slides, dehydrated, and coverslipped in Permount.
For immunofluorescence, sections were incubated 48 hr at ϩ4°C in anti-TrkA primary antibodies (1:2000). After washing, they were incubated with the secondary antibody (anti-rabbit C y3-labeled; 1:1000; Jackson ImmunoResearch, West Grove, PA). Sections were washed, mounted on gelatin-coated slides, air dried, and coverslipped with Vectashield (Vector Laboratories). Sections were examined using a Z eiss (Oberkochen, Germany) Axophot fluorescence microscope, with the following emission wavelengths: UV filter, 420 nm; green filter, 590 nm.
The specificity of primary antibodies was tested by the omission of the primary or secondary antibodies. Preadsorption with the corresponding synthetic peptides have been described previously Michael et al., 1997) . The absence of fluorescence cross talk within the two fluorophores C y3 and FG was verified by the lack of C y3 signal using the UV filter and, conversely, the lack of FG fluorescence using the green filter.
Quantifications
In all these quantifications, the same spinal cord level was dissected out and analyzed in arthritic and control animals (using vertebral marks). Sections were randomly sampled, taken at regular intervals from a randomly starting point.
Quantification of TrkA-IR profiles on long itudinal sections. After perfusion, every lumbar spinal cord was sectioned at the dorsal root ganglion level of the 11th thoracic and the 2nd lumbar segments (spinal cord levels: L1 to S3). Every fourth horizontal longitudinal section (30 m thickness) from the dorsal surface of the spinal cord to the central canal was cut with a cryostat, pooled, and processed for TrkA immunohistochemistry.
The total number of TrkA-IR profiles counted in all sections per animal was calculated. For this quantification study and the following, profiles were considered positive when they were clearly labeled. Comparisons between the mean values of control and arthritic rats were performed by statistical analysis using one-way ANOVA.
Laminar distribution of TrkA-IR profiles. In every 10th coronal section of the lumbar enlargement (L2-L5), the number of TrkA-IR profiles per lamina was determined in four arthritic and three control animals. Results are expressed as the mean Ϯ SEM of TrkA-IR profiles in laminae V-V I, V II, and X, for each section. Statistical analysis was performed using nonparametric Mann -Whitney U test.
Quantification of TrkA-IR spinothalamic and spinoreticular neurons. The number of TrkA-labeled, FG-labeled, and double-labeled TrkA-IR-FG profiles was counted in every 10th coronal section of the lumbar enlargement, contralateral to FG injection sites. Among the whole population of FG-labeled neurons, the percentage of double-labeled neurons projecting either to the ventrobasal complex of the thalamus or to the reticular nucleus of the brainstem (so-called "spinothalamic" or "spinoreticular" TrkA-IR neurons, respectively) was calculated as the ratio of the number of profiles double-labeled, divided by the total number of FG-labeled profiles, multiplied by 100.
RESULTS
No clinical or behavioral changes were observed in control animals injected with saline or IFA. Arthritic rats displayed a strong reduction of weight gain (Ϫ27.3 Ϯ 7.6 in arthritic rats; ϩ142.3 Ϯ 17.7 in IFA-injected rats; ϩ123 Ϯ 7.0 in saline-injected animals), difficulties in walking (mobility score: 1.6 Ϯ 0.2 in arthritic rats vs 4.0 Ϯ 0 in both groups of control animals), and increased ankle diameters (5.2 Ϯ 0.2 mm in arthritic rats vs 2.79 Ϯ 0.04 mm in saline-injected rats and 2.78 Ϯ 0.06 mm in IFA-injected rats). The foot-bend procedure showed an ankle hyperalgesia in arthritic animals (flexion and extension scores: 4.1 Ϯ 0.3 and 0.4 Ϯ 0.2, respectively, in arthritic vs 0 Ϯ 0 and 0 Ϯ 0, respectively, in both control groups).
TrkA immunoreactivity in the spinal cord of control and arthritic animals
In both arthritic and control animals, TrkA immunostaining was present in terminals and varicose fibers in superficial laminae (I-II) of the DH. TrkA-IR fibers radiated through lamina III to ramify in a dense plexus in laminae IV-V (Fig. 1 A, B) . A few thin fibers were seen in the medial part and in the lateral reticular part of lamina V. TrkA-IR neurons were observed in laminae V, VI, VII, and X. In laminae V and V I, IR cells were of large size (20 -30 m) and multipolar. They were observed in both the medial and the lateral reticular part of lamina V (Fig. 1C,D) . TrkA-IR cells observed in lamina V II were of large size (20 -26 m) and multipolar or spindle-shaped (Fig. 1 E, F ) . In lamina X, TrkA-IR cells had a round shape, a small size (10 m), and were located in the dorsal part of the central canal (Fig. 1 E, F ) . The distribution pattern and morphology of TrkA-IR neurons was the same in arthritic and control animals. Quantification of TrkA-IR profiles in the lumbar spinal cord (Fig. 2) showed a statistically significant increase in arthritic rats when compared with control animals injected with saline or IFA. The difference observed in IFA-injected animals when compared with saline-injected animals was not significant. Quantification of the laminar distribution showed that this increase concerned specifically profiles located in laminae V-VI, mainly at L3 and L4 lumbar spinal cord levels (Fig. 3) . In L2 and L5, differences were statistically nonsignificant. No difference was seen in the mean number of TrkA-IR profiles in laminae VII and X in the four lumbar levels for both groups of animals.
Double-labelings of FG-labeled neurons and TrkA immunohistochemistry
Spread of the tracer resulting from injections of FG into the thalamus was closely similar in all experiments, and one representative example is given in Figure 4 A. Retrogradely FG-labeled spinothalamic neurons were present in laminae I-II (data not shown), V-VI, VII, and X, the main part being located in lamina VII (Fig. 5A) . Observations on a fluorescent microscope showed that part of TrkA-IR neurons in laminae V, V I, V II, and X were FG-labeled (Fig. 5C,E) . Quantifications showed no differences in the mean number of FG-traced neurons in both groups of animals. Countings of fluorescent TrkA-IR profiles revealed a significantly increased number of TrkA-IR profiles in laminae V-VI of arthritic rats at lumbar levels L3 and L4 (Table 1) , as described in Figure 3 with a DAB revelation in an another set of experiments. Approximately 5-10% of the total number of FG-labeled profiles were double-labeled, i.e., TrkA-IR, in both control and arthritic rats (Table 2) . No significant differences in percentage of colocalization could be observed between both groups of animals for each lamina and at all lumbar levels examined ( Table 2) .
Injections of FG into the brainstem resulted in labeling of the lateral reticular nucleus, the nucleus cuneatus and gracilis, part of the nucleus of the solitary tract, and part of the parvocellular reticular nucleus (Fig. 4 B) . In the spinal cord, retrogradely FGlabeled neurons were mainly located in laminae V-V I but also in laminae V II and X (Fig. 5B ) and in lamina I to a lesser extent. The mean number of FG-traced spinoreticular neurons was not different in control and arthritic rats (Table 1 ). However, as described above after retrograde tracing from the thalamus, countings of fluorescent TrkA-IR profiles showed a significantly increased number of TrkA-IR profiles in laminae V-VI of arthritic rats at lumbar levels L3-L4 (Table 1) , as described in Figure 3 . Quantifications showed that a part of FG-labeled spinoreticular profiles in laminae V-VI (Table 1) , VII, and X were TrkA-IR in both control and arthritic animals, and the percentage of these profiles double-labeled increased significantly in arthritic rats at lumbar levels L3-L4 in laminae V-VI (Table 2, Fig.  5 D, F ) . Laminar distribution analysis showed that this significant increase was not observed in laminae VII and X of the dorsal horn (Table 2) . No significant differences coud be evidenced at lumbar levels L2 and L5 (Table 2) .
These results show that, at L3-L4 levels, ϳ10% of spinothalamic neurons were TrkA-IR in both control and arthritic rats. Conversely, whereas a very few spinoreticular neurons were TrkA-IR in control animals, in arthritic rats 22.8% at L3 and 19.7% at L4 levels of these spinoreticular neurons express TrkA.
TrkA-CGRP and TrkA-substance P double-labelings CGRP-IR fibers were observed in superficial laminae of the spinal cord of control and arthritic rats. Straight fibers penetrated lamina III of the dorsal horn and ramified at the interface of laminae IV-V. Some were seen running through lamina V (Fig.  6 A) . Numerous fibers running down from layers V-VI along the medial aspect of the gray matter reached lamina X (Fig. 6C) . In addition, few fibers were observed in laminae VII-VIII of the ventral horn. CGRP-IR fibers were increased in layers IV-V in Figure 3 . Laminar distribution of TrkA-IR profiles in the lumbar spinal cord at four lumbar levels (L2-L5) in control (n ϭ 3) and arthritic (n ϭ 4) rats at 4 weeks after injection in AIA. Results are expressed as the mean Ϯ SEM of immunoreactive profiles for each region and per coronal section. Statistical analysis was performed using Mann -Whitney U nonparametric test. The level of significance was set as *p Ͻ 0.05. arthritic rats, as described previously. Double-labelings of TrkA and CGRP revealed that TrkA-IR neurons in laminae V and X were present mainly in projection fields of CGRP-IR fibers (Fig.  6 A-C) . In lamina V, TrkA-IR neurons were surrounded by dense plexuses of CGRP-IR fibers, with axonal varicosities and intervaricose segments disposed in close contact with their soma and dendrites (Fig. 6 B) .
Substance P immunoreactivity labeled thin and abundant varicosities in superficial and deep laminae of the dorsal horn (I, II, V) and around the central canal in lamina X (Fig. 6 E) of control and arthritic rats. A weaker density was observed in the medial lamina V II (Fig. 6 F) . In all these layers, TrkA-IR neurons were closely surrounded by a dense plexus of immunoreactive fibers (Fig. 6 D-F) .
DISCUSSION
Our study describes an increased number of TrkA-IR profiles in the dorsal spinal cord of rats suffering from AIA. Increases occurred in laminae V-V I in the projection fields of CGRP-IR and SP-IR afferent fibers, laminae in which long-term electrophysiological and molecular changes have been described during the course of AIA. Investigations using retrograde tract tracing and double-label immunohistochemistry showed that TrkA-IR profiles belonged to spinothalamic and spinoreticular pathways. However, TrkA-IR was increased only in spinoreticular neurons at lumbar levels L3 and L4, which are somatotopic projection sites of hindlimbs and ankles in which inflammation is maximal at 3 weeks after injection. These results suggest a specific increase in the number of TrkA receptors in the first central relay of nociception, supporting the hypothesis that NGF might be involved in neuronal plasticity linked to chronic pain.
TrkA-IR neurons and AIA
In agreement with previous descriptions in rats (Sobreviela et al., 1994; Averill et al., 1995; Molliver et al., 1995; Michael et al., 1997) , both axonal and somatic localizations of TrkA-IR were observed in the spinal DH. Three neuronal populations containing TrkA protein and mRNA have been described in the spinal cord according to their location, size, and neurochemical characteristics. Small neurons located in the dorsal part of the central canal (lamina X) correspond mainly to cholinergic propriospinal neurons. The medial part of lamina VII contains multipolar cholinergic, propriospinal partition cells also described as TrkA-IR. Neurons located in laminae VII and X are involved in integration of articular and visceroceptive information, respectively (Menétrey et al., 1984a,b; Ness and Gebhart, 1990) . Laminae V and VI contain noncholinergic, nonpropriospinal, large multipolar neurons that are also TrkA-IR (Michael et al., 1997) . Although labeled neurons displayed similar distribution patterns and morphology in control animals and arthritic rats, an increased number of TrkA-IR profiles was observed specifically in laminae V-VI in animals with AIA. No changes were observed in other DH laminae. Neurons in laminae V-V I have been classified chiefly as nonspecific nociceptive, or wide dynamic range (W DR), neurons. They receive both nociceptive and non-nociceptive input from primary sensory neurons, as well as local and descending modulatory inputs (Besson and Chaouch, 1987) . C entral sensitization, expressed as increased excitability and activity of deep DH neurons, and plasticity of receptive fields (Cook et al., 1987 ) is fundamental to the genesis of inflammatory chronic pain (Woolf and McMahon, 1985) . The WDR neurons of rats suffering from arthritis display expansion of their receptive fields, accompanied by dramatic electrophysiological activity (C alvino et al., 1987b) and long-lasting molecular adaptive changes (Abbadie et al., 1992) . The specific increase in TrkA-IR in the singular population of laminae V-V I neurons supports our hypothesis that TrkA receptors are involved in central remodeling generated by chronic pain. In addition, increases in TrkA were strictly observed in lumbar segments L3-L4, which are the somatotopic projection sites of hindlimbs and ankles (Swett and Woolf, 1985; Molander and Grant, 1986) in which the lesions are essentially observed at 3 weeks PI in AIA (C alvino et al., 1987a) .
Nonspecific nociceptive neurons of the deep layers of the DH receive nociceptive (C and A␦) and non-nociceptive (A␣, A␤) afferent fibers (Besson and Chaouch, 1987) . Small-sized C and A␦ fibers are mainly SP-IR and CGRP-IR (McC arthy and Lawson, 1989, 1990) . In our study, axonal arborizations of CGRP-IR and SP-IR fibers were observed in close contact with TrkA-IR neurons of laminae V-V I. Only electron microscopic analysis can demonstrate a synaptic link between these elements. However, the close proximity of both systems, together with the structural features and location of TrkA-IR neurons, suggest that they belong to the first central relay of nociception.
WDR neurons have an integrative f unction. They convey the resulting information to the ventrobasal complex of the thalamus and to the brainstem (Jessell and Kelly, 1991) . Quantification of combined tract tracing and immunohistochemistry revealed that TrkA was expressed by both spinoreticular and spinothalamic neurons in control animals. However, the increased number of TrkA-IR profiles observed in arthritic rats paralleled an increased number of double-labeled spinoreticular neurons, whereas there was no significant changes in the number of double-labeled spinothalamic neurons. This suggests that increased number of TrkA-IR neurons in AIA involved the spinoreticular, but not the spinothalamic, pathway. This specificity shows that arthritis triggers a peculiar activation of one of the spinal ascending pathways that convey peripheral messages to upper nervous centers, thus modifying their respective functional importance. This agrees with electrophysiological data showing that the spinoreticular, rather than the spinothalamic, tract conveys nociceptive messages to supraspinal sites in arthritic rats (Guilbaud et al., 1986) . The results presented here provide additional evidence that adaptive functional plasticity associated with chronic pain syndromes results, at least in part, from changes in the spinoreticular pathway.
Possible involvement of NGF in chronic pain-linked central plasticity
What is the origin of the increased number of TrkA-IR neurons in AIA? A first answer to this question could be an action of NGF as a trigger to TrkA upregulation. Indeed, in vivo, the only one triggering factor for TrkA synthesis is its main ligand. Whereas a single in vitro study evidenced that increased electrophysiological activity is able to induce TrkA synthesis without NGF (Ennulat and Stach, 1987) , such a result has never been found in vivo. We then propose that this increased TrkA-IR is a result of increased NGF synthesis. The development and maintenance of inflammatory conditions in various rat disease models (Aloe et al., 1992b; Donnerer et al., 1992; Safieh-Garabadian et al., 1995) and in human arthritis (Aloe et al., 1992a) are associated with increased peripheral concentrations of NGF that is retrogradely transported from peripheral tissues to dorsal root ganglia. A central release of NGF after anterograde transport has been described in the optic tract (Von Bartheld et al., 1996) , but, in contrast to its cognate molecule brain-derived neurotrophic factor, which is anterogradely transported from the DRG to the spinal cord (Tonra et al., 1998) , NGF is not transported anterogradely in sensory neurons (Tonra et al., 1998) . We may thus exclude the possibility of a transganglionic transport of NGF and a resulting increase in TrkA-IR in the spinal dorsal horn of arthritic rats.
In vivo, increased electrophysiological activity is associated with upregulation of NGF (Ernfors et al., 1991) . Because NGF has been demonstrated to induce upregulation of TrkA mRNA by both in vitro (Lindsay et al., 1990; Wyatt and Davies, 1993) and in vivo studies (Holtzman et al., 1992; Gibbs and Pfaff, 1994) , we can suggest that the increased number of TrkA-IR profiles observed in this study could be a result of NGF synthesis induced by increased electrophysiological activity of nociceptive pathways. NGF synthesis can thus be upregulated at spinal levels and/or within targets of the spinoreticular pathway. In the later case, NGF would be retrogradely transported from the reticular nuclei to the spinal cord, inducing TrkA synthesis. This hypothesis is currently under investigation.
In conclusion, our study shows that central f unctional adaptive changes set up during the development of AIA in parallel with changes in pain behavior include specific upregulation of TrkA receptor in one of the two main ascending nociceptive pathway, i.e., the spinoreticular pathway. Interruption of the NGF signal transduction pathway in laminae V-V I spinal cells may reduce the exacerbated activity of these neurons, then offering an appropriate tool in attempts to alleviate chronic pain. Peripheral NGF sequestration using TrkA-IgG f usion molecules has been showed to reduce acute hyperalgesia induced by carrageenin injection . Our study highlights the interest of using TrkA antagonists in the C NS as a therapeutic strategy to alleviate chronic pain.
